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SUMMARY

An investigation was made in the Langley Unitary Plan wind tunnel
to determine the drag and static longitudinal and lateral stability
characteristics of a 1/15-scale model of the Grurmman F11F-1F airplane

at Mach numbers of 1.56, 1.76, 2.06, and 2.53. The effects on perform-
ance and stability of modifications consisting of a wing-root leading-

edge fillet and horizontal tails with negative dihedral of 10° and 30°
are included in this investigation. The Reynolds numbers of this test,
based on the mean aerodynamic chord of the wing, are 1.33 x 107,

1.25 x 106, 1.10 x 106, and 0.87 x 100 at Mach numbers of 1.56, 1.76,
2.06, and 2.53, respectively.

INTRODUCTION

At the request of the Bureau of Aeronautics, Department of the Navy,
an investigation of the aerodynamic characteristics of a 1/15-scale model
of the Grumman F1l1F-1F airplane at supersonic speeds has been undertaken
by the National Advisory Committee for Aeronautics.
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This paper contains results obtained at Mach numbers of 1.56, 1.76,
2.06, and 2.53 for angles of attack from -4° to 12° and for angles of
sideslip from -2° to 6°. The effect on performance and stability of model
modifications consisting of a wing-root leading-edge fillet and horizontal-
tail negative dihedral of 10° and 30° is also included.

COEFFICIENTS AND SYMBOILS

The results of these tests are presented as coefficients of forces
and moments referred to the stability-axes system. All aerodynamic
moments were taken about the center of gravity which is longitudinally
located at the 0.25 mean aerodynamic chord and at a station 0.661 inch
below the wing-root chord. Symbols used in this paper are as follows:

b wing span, in.
c local chord
¢ mean aerodynamic chord, in.
' £ F '/ S
CD drag coefficient, D /4
K, cos a
Ch ! base-drag coefficient, - 2> " ~
Dy, gs
A, cos o
Cp '’ charber-drag coefficient, - ———m
c as
CDe net external drag
ACDt change in drag due to fixing transition
Ai cos a + ;g Slq sin? o
CDi' internal-duect drag coefficient, =
cL 1ift coefficient, L/gS
Ch pitching-moment coefficient, m/qSG
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rolling-moment coefficient, 1/qSb
yawing-moment coefficient, n/qSb

lateral-force coefficient, Y/qS

force along X-axis, 1lb

base axial force, 1b

charber axial force, 1b

internal-duct axial force, 1lb

lift, 1b

pitching moment, in-1b

rolling moment, in-lb

yawing moment, in-1b

lateral force, 1b

free-stream Mach number

free-stream static pressure, Ib/sq ft
free-stream dynamic pressure, O.TpMZ, Ib/sq ft
weight flow through duct, 1b/sec

weight flow based on inlet area and free-stream conditions,
1b/sec

free-stream velocity, ft/sec
wing area including body intercept, sq ft
duct-inlet area, sq ft

stabilator angle, deg

angle of attack of wing chord line, deg

angle of sideslip of fuselage center line, deg
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APPARATUS AND METHODS

Tunnel

The tests were made in the low Mach number test section of the
Langley Unitary Plan wind tumnel. This tummel is a variable-pressure,
continuous, return-flow type.. The test section is 4 feet square and
approximately 7 feet in length. The nozzle leading to the test section
is of the asymmetric sliding-block type and Mach number may be varied
continuously through a Mach number range from approximately 1.56 to 2.80
without tunnel shutdown.

Model and Support System

The 1/15-scale steel model was constructed by Grumman Aircraft
Engineering Corp. A three-view drawing of the airplane is presented
as figure 1. Photographs of the model as tested are presented in
figure 2. Figure 3 shows the modifications used in tests of this model.
The basic model had a wing with 35° sweepback of the quarter chord, an
aspect ratio of 4, a taper ratio of 0.5, and dihedral of -2.5°. The
geometric characteristics of the model are presented in table I. The
model had the cambered leading-edge modification described in reference
installed during all the tests. '

The model was attached to the forward end of an enclosed, six-~
component, electrical strain-gage balance. This balance was attached,
by means of a sting, to the tunnel central support system. Balance and

read-out equipment were supplied by the National Advisory Committee for
Aeronautics.

An additional component of the model support system was a remotely
operated, adjustable coupling that enabled tests to be performed at vari-
able sideslip angles concurrently with variable angles of attack. This
coupling was placed between the model sting and the tunnel central sup-
port system. The adjustable coupling permits vertical angular variations
of approximately +20°.

Measurements and Accuracy

Tests were made through an angle-of-attack range from gpproximately
-4° to 12° for O° sideslip angle. At angles of attack of approximately
OO, 50, and lOO, sideslip angles from aspproximately -2° to 6° were tested.

All angles of attack and angles of sideslip were corrected for the deflec-
tion of the sting and balance under static load conditions. These angles
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are estimated to be accurate within +0.1°. All basic model tests were
performed with a stabilator incidence of 0°. The maximum deviation of
local Mach number in the portion of the tunnel occupied by the model
was *0.015 from the average values given.

The dewpoint temperature for all tests was maintained below -30° F.
The stagnation temperature was approximately 125° F and the stagnation
pressure was maintained at approximately 9 pounds per square inch.

The tunnel, as yet, has not been completely calibrated, and any flow
angularity that might exist in the tumnel has not been determined. Tun-
nel pressure gradients in the region of the model have been determined
and are sufficiently small so as not to induce any buoyancy effect on
the model.

The accuracy of the force and moment coefficients, based on balance
calibration and reproducibility of data, is estimated to be within the
following limits:

S +0.002
S e +0.001
S +0.001
T s
Cp e o v o e e e e e e et e e e e e e e e e e s e s . 0.0005
o I e

The drag data have been adjusted to correspond to zero-balance
chamber~drag coefficient (CDC = O). Several exarples of these drag-

coefficient corrections are presented in figure 4 in order to show the
relative magnitudes of these coefficients for this model.

Internal-duct drag and base drag of the model were obtained for all
test points and have been subtracted out of the drag data, thus leaving
all drag coefficients in terms of net external drag. The internal-duct
drag was obtained by measuring the mass flow in the duct with a calibrated
total- and static-pressure rake. The mass flow in collaboration with
measurement of Mach number and pressure at the duct exit determines the
internal drag of the duct. Several curves showing the variation of
internal-duct-drag coefficient and base-drag coefficient with angle of
attack and Mach number are presented in figure 5 in order to give an
example of the relative magnitude of these coefficients.

In order to assure turbulent flow over the model, a few tests were
performed with transition fixed on the model. TFor this condition, a
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transition strip was placed around the fuselage, 1 inch rearward of the
model nose, and on the 10 percent chord of the wing, full span, top and
bottom. These transition strips were €.25 inch wide and consisted of

no. 60 carborundum grains imbedded in shellac with approximately 15 grains
per 0.25 square inch. The results of these tests are presented in fig-
ures 6 and 7.

In order to obtain net external drag, the drag coefficients shown
in the characteristic plots must be increased by the incremental differ-
ence in drag coefficient shown in figure 6 at the same model attitude
/CD = Cp' + ACDt\ A small part of the drag caused by fixing transition

1= due to the wave drag of the transition strips. It is believed, however,
that this is more than offset by the differences in smoothness between
the model and the full-scale airplane.

Figures 8 and 9 present plots of mass-flow ratio against angle of
attack and sideslip, respectively, at all test Mach numbers. It may be
noted that scme of the mass-flow ratics are greater than one. The mass
flows were cormputed from values taken from an internally mounted pressure
rake which was calibrated statically at a zero angle of attack. This
calibration may not be perfectly correct under test conditions, thus
leading to errors in measurements.

A study of the force data in conjunction with the schlieren photo-
graphs (fig. 10) indicates wall-reflected shock waves striking the model
tail at a = 12° and B = 6° at a Mach number of 1.56. The data indi-
cate, however, that the effect of these shock reflections is relatively
minor.

PRESENTATION OF RESULTS

The results of the investigation are presented in the following
figures:

Figure

Effect of horizontal and vertical tails on

aerodynamic characteristics in pitch (B =0°) . . . . . « . . 11
Effect of root leading-edge wing fillets on

aerodynamlc characteristics in pitch (B = 0°) . « e e o u 12

Effect of horizontal-tail negative dihedral on aerodynamic

characteristics in pitch (B = 0%) o v ¢ ¢ o ¢ ¢ ¢ ¢ ¢ ¢« ¢ o & 13
Effect of flaperon on aerodynamic characteristics

inpitch (B =09 4 ¢ o o o ¢ o o o 0 o s s o s s s s o o o 1k
Effect of ventral fins on aerodynamic

characteristics in pitch (B = 09) o v ¢« o o o ¢ o o o o o « &« 15

Effect of mass-flow ratio on aerodynamic
characteristics in pitch (B = O°) IR I IR R 16
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Figure
Effect of faired duct inlets on aserodynamic
characteristics in piteh (B = 0%) & v v v v v & 4 4 ¢ o o o o 17
Effect of horizontal and vertical tails on
aerodynamic characteristics in sideslip « « v & v v ¢ v o « & 18
Effect of root leading-edge wing fillets on
aerodynanic characteristics in sideslip « « « v« & &« « ¢ o o @ 19
Effect of horizontal-tail negative dihedral on aerodynamic
characteristics in 5idesliP + o o o o o ¢ = ¢« « « « o o o o @ 20
Effect of ventral fins on aerodynamic
characteristics in s5ideslip v ¢ 4 o ¢ ¢ o o o o ¢ o o « s o« » 21
Effect of mass-flow ratio on aerodynanic
characteristics in sideslip v « v o ¢ o ¢ ¢ o o ¢ o o o + o 22
Effect of faired duct inlets on aerodynamic
characteristics in sideslip « « o o ¢« &« + o o « o « = « o o » 23
RESULTS

This is a data report and the basic results are presented without
analysis; however, some general observations relative to the data are
as follows:

1. The net external minimum drag coefficients for the basic model
configuration at Mach numbers of 1.56, 1.76, 2.06, and 2.53 are 0.046,
0.046, 0.04k, and 0.044, respectively. Fixing transition on the model
increases minimum drag coefficient approximately 0.004 at all Mach numbers
tested.

2. The neutral points for the basic model configuration at Mach
numbers of 1.56, 1.76, 2.06, and 2.53 are located at 60, 57, 54, and 52
percent of the mean aerodynamic chord, respectively. With the tails off,
the neutral points at Mach numbers of 1.56, 1.76, and 2.06 are located
at 37, 36, and 33 percent of the mean aerodynamic chord, respectively.
The two negative-dihedral tails and the flaperon moved the neutral point
rearward for all test Mach numbers, whereas use of a wing-root leading-

edge fillet caused the neutral point to move forward at all test Mach
numbers.

3. The results indicate positive static directional stability for
all tail-on model configurations at angles of attack up to 10.6° for all
test Mach numbers. Increases in angle of attack or Mach number lead to
decreased directional stability. Adding negative dihedral to the hori-
zontal tail or use of ventral fins increases the positive static direc-
ticnal stability at all Mach numbers tested.
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L. Positive effective dihedral is indicated for the basic model
configuration at all test Mach numbers. Increasing horizontal-tail nega-
tive dinedral or use of ventral fins decreases the positive effective
dihedral. Increases in angle of attack also lead to less positive effec-
tive dihedral.

Langley Aeronsutical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., October 25, 1956.
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Figure U4.- Typical examples of variation of balance-chamber-diag coeffi-
cient with angle of attack. B = 0°., Flagged symbols denote wall-
reflected shock waves striking the tail.
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Figure 5.- Typical examples of variation of base-drag coefficient and
internal-duct-drag coefficient with angle of attack. B = 0°. Flagged
symbols denote wall-reflected shock waves striking the tail.
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sideslip. Flagged symbols denote wall-reflected shock waves striking
the tail.
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Figure 7.- Continued.
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model
model with herizental
vertical tails remnrved :

mrdel with

mndel with

(a) M = 1.56.

Figure 11.- Effect of horizontal and vertical tails on aerodynamic char-
acteristics in pitch. B = 0©. Flagged symbols denote wall-reflected
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(a) M= 1.56.

Figure 17.- Effect of faired duct inlets on aerodynamic characteristics
in pitch. B = 09. Flagged symbols denote wall-reflected shocl waves

striking the tail.
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ABSTRACT

An investigation has been conducted in the Langley Unitary Plan wind
tumel at Mach numbers of 1.56, 1.76, 2.06, and 2.53 to determine the drag
and static longitudinal and lateral stability characteristics of a 1/15-
scale model of the Grumman F11F-1F airplane. Configurations consisting
of a wing-root leading-edge fillet and horizontal tails with negative
dihedral of 10° and 30° were also investigated. The model had a wing
with 35° sweepback of the gquarter chord, an aspect ratio of 4, a taper
ratio of 0.5, and dihedral of -2.5°.




